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What is a hybrid rocket? 

• Hybrid rockets typically utilize solid fuel and liquid 

oxidizer.

Gas Pressurization

Liquid Oxidizer

Control 

Valve

Motor with solid, 

single port fuel grain

NozzleIgniter

Injector

3



Earth Entry 
Vehicle

Notional MSR Reference Architecture

4

Mars Surface

Mars Atmosphere

Mars 
Orbit

Earth

Orbiter Concept:
Spirals to Mars Orbit

Orbiting Sample (OS)

Mars Ascent 
Vehicle

Expended MAV

Orbiter Concept:
Captures OS

Sample Receiving and Curation 
Facility Concept

Diverted

Caching Rover 
Concept

MSR - Sample 
Caching Rover 
Concept

Atlas V 541
(candidate)

Note: MSR-Lander and MSR-Orbiter can be 
launched in either order

1 2 3 4

individual tubes Note: Alternative is
Mobile MAV

MSR-Orbiter
Concept

Ariane 5
(candidate)

MSR-Lander
Concept

Atlas V 551
(candidate)

Mars Cruise Stage

Entry & Descent Stage, 
Direct Entry

MAV 
Concept

Release EEV

Pre-Decisional Information -- For Planning and Discussion Purposes Only



MAV Baseline Concept
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• Mass: 346 kg

• Hybrid propulsion system 

with MON30 (70% N2O4+ 

30% NO) oxidizer and SP7, 

wax-based, fuel.

• The propellant combination 

allows for storage temps as 

low as -72 C (low power)
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Areas of Technology Development

Thrust Vector Control

Hypergolic Ignition

While the hybrid option showed the most promise, it is also the lowest TRL. 
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CubeSat: Flight Design Concept

Multiple 
motors are 

configured to fit 
within 12 U 

CubeSat
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Goal: Small 
Interplanetary 

Spacecraft
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Multiple Ignitions (Test 69) Long Duration Burn (Test 70)

Development Testing

TCM’s and Orbit Maintenance Orbit Insertion



Questions?
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Five Ignition Demonstration

Test 69



13

Single Ignition

Test 70


